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z ratpon or nonet 

Project ffl-794 lit 

(a) An eighteen months' »tody and engineering investigation ef the 
guidance, propulsion, launohlng aid aeradynanlc problems culminating 
In a recommendation for tba military characteristics and design of 
a auparaonle guided ground-to-air pllotlesa aircraft eapable of 
lntareeptlng and destroying hostile aircraft operating at altitudes 
up to 500,000 ft., at apeeda up to £000 nph, at range« sufficient 
to prevent damage to the defended area. 

(b) A twenty-six sionths' basic research and engineering eralantlon in 
the field of guidance techniques, propulsion methods, supersonic 
aerodynamic«, aerro-Mehanlaas, fuel eheadstry, launehing procedure, 
fusing and nlaslle performance. 

I .     .„:<» 
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l. 

a. 

•f dry fuel rostet boost. W«* aaounts 

(b) 

fc - ÄÄÄ.-5Ä ffÄSf - -*•« 

WfJ psrforasnos «lrplM.«     Th^S *?* S-"1»» •* Mml 
Center .t Wiuo, 8«.       »*••*•* of the Aerons«tlonl R«. 

3. 

4. 

(•) 

A preliminary design atudy «*> oonpleted of • liquid rostet 
»ith ru Jet boost, In .bleb Initial aeoalaratlon of tha ran 
Jet w aeooapllihad by ■tana of a dry foal roekat. 

A prellalnary design «tody of a alngla atafa liquid roekat la aaarlng eoapletlon. 

A design study of a aaltl-stage liquid rostet has bsen Initiated. 

1. 

a. 

J. 

fwpj** *■ ••»»*• prepared of sxlstin* **..»_ 
»••king raqulreanrt, f,, thla »25 V^5? ■*■*•■" Md 
tte Syatea, Planning BeportT   PPO,*ot» *•»*■• aeotloTof 

2- BTSStM &Ä!■-■— '* «** «. tinning. ^^        "" 1WM«*»ted, and this «rt a eonT* 

"Wafr-.-^Z 
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<«) 

1. Studies are being aade of aetbede af Increasing the possible 
ratio of fotl Might to structural wight of dry fuel roeketa. 

2. A prellelnary deolgn study hM been ooapleted of ■ launehlng 
rasp for use with dry fuel booster roekete. 

3. *he study of eleetrle launchers «a* extended. 

(•) 

1. Studios of honing «1th alnlaua fool eoasuaptlon hM« beam 
osrrlod out. 

3. Caloulatloa of oroft and «argot trajootorloa darlag «ha 
hoalag ataga nave baoa eoaplatad. 

3. Stadias of hoeing ayataaa without raaga laferuatloa hat« 
been Initiated. 

it) 
1. Baa Jot parforaanoa atudlea using theoretically oorroet ata- 

turaa have bsan eoaplatad and a aaaoraadua «HI ha Issued. 

2. Pulse Jet parforaanoa calculations hare been eoaplatad, and 
a aeaorandua la being laaiwd. 

3. Apparatus for the study of footers affeetlag the apaad of 
flaue propagation hae been constructed. 

(g)   IdttAESb y««ifii<«iMn 

1. A senileren system for the supersonic «lad tunnel baa been 
designed and la under eonstruetlon. 

2. A literature study baa been eoaplatad of the 
hydrogen In the upper ataosphere* 
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Bepartaawt ef Bnglneerlng Beaearok 

of the staff visited the organisations listed haloes 

Aatl»«tT TllUad. 

Aberdeen Proving Oround, 
Aberdeen, Bd. 

Princeton University, 
Princeton, ■. J. 

Oeneral Bleetrle Cwr ■ 
Sehsneatady, In Xork 

CntrUn Field Station, 
■atson Laboratories 

■assachusatta Institute ef 
technology, Caabrldge, mass. 

Ball Telephone Laboratorien 
Bow Xork, fen Xork 

lot M—Um University, 
■vanston,    Illinois 

Air materiel Command 
•right Flold, Ohio 

■hit« Santa Proving 
■n feexleo 

Ban 'at Confaranea 
Aeronautical Bnglne Baaoarak 
laboratory of tba BACA 
Cleveland, Ohio 

U)   Tlalta fron Other Activities, 
tiesa vlalted the aontraeteri 

Yj ««♦.<«« (from 

Air Materiel 0. 
Bricht Fiel«, Ohio 

Barthrep Aviation Oorporation 
las Angeles, California 

8ehllaren apparatus In use 
at Aberdeen. 

Xntarferoaater ssthods of 
density neasureacnts In 
supersonic wind tunnels. 
Interferometer eonstruetlon. 

Bocket testing fasilltlea. 
Bevelopnenta In rocket foals. 

Infra-red tests at high 
altitudes 

Computers end general 
guidance considerations. 

Computers and general 
guidance considerations. 

Infra-red developments. 

Propulsion system. 

locket tracking methods. 

Various papers which ware 
presented on subjects eon« 
earned «1th ram Jets. 

from the following organiia- 

Oeasral guidance problems. 

Target trajectories. 
Ouidanoa 
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IBUMMXR V nOKBUM 
of laglaeerlag 

twglM ilroraft Corporation 
taste Moaloe, California 

Teleaeterlag 
•uu nouoe, KUtfonu 

(j)   Coaolueloae Dram fron Vielte and Conferences i 

1. 

a. 

3. 

fha senileren eyeten la aaa at Aberdeen la vary elallar 
to tfaa design proposed for tba Qnlvarelty of Wenigen 
•lad taaaol.   Bonding plaatlee should ba investigated 
la eoanaotloa «1th aountlng teat aaetloa aladoaa. 

Tha seat of aa laterferoaater with a 16 inch flold «HI 
ha prohibitive for thla project.    If latarfaroaatrla 
aaaaaraaaate of luptraeale floa about aedala ara desired, 
• aaallor teat aaetloa ahould ba hallt ao that aa later* 
faroaator with aaallar field ean cover tba entire teat 
aaetloa or the field la a larger teat aaetloa ahould he 
aoanaad with a analler laterferoaater. 

It aay he poaalble to develop infra-red oella with aariana 
response peaks at loafer wavelengths than thoae now aTallabla. 
Thla would reduoo the raaponae to sky baekgronad, and lnereaae 
the sensitivity to radiation froa tha target.   Sueh oella, 
whoa need with saall aperture and high seaming speed, would 
paralt the design of early warning equipment with 
range« up to perhaps 290 alles. 

4.   taaed on the tracking systens la use at >hlte Sands, It mil 
probably be advantageous to use a eontlnuoua loblag systen 
rather than loba-awltehlag or aoaanlag.   Mart sum ranges ao 
far attained tracking V-2 roabete are of the order of 100 

. A» 
1 
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in imoDxiuucs 

Preliminary performance studies Indicate the peerlblllty of ooo- 
atruetlng a alngl» »tage liquid rookat oapabl« of reaching aa altitude of 
900,000 faat and a range of 100 mile» profiled th» apeelfle Impulse la of 
th» ordar of 250 aae. or greater.   The uaa of a continuously operating 
rookat burner aa a MIDI of control and guldanea will preaant aerloua weight 
problem».   Ibeae atudiea Indicate that! 

(a) It would faa dealrable to aake major eorreetloaa to the flight 
path aa near the atart of the flight aa poeelble. 

(b) Drag effect» are of aeeoad order magnitude. 

(e) la order to hare a reasonably aaall elapaed tine for the aaoent 
it would be dealrable for the eraft to have a vertioal velocity 
component of 1000 to 2000 ft/aee at the Interception altitude. 

Studies are nearlng oonpletlon of the effect» of different trajectories 
and the effect of dry rocket boost on the perforamnee of the eraft.   Aa an 
Illustration of the type of study being conducted, fig. (1) »how» the veloc- 
ity-altitude relationship» for a vertically ascending rocket operating at 
conetent thrust.   The radial eurwea repreaent burning rate» expressed as 
fractional groaa weight change par unit tine, the tranevene eurwea show 
fuel burned as a fraction of gross weight, and the feathered ourwe represents 
condition» at which the rocket engine nay be out off.   The aleslle will then 
ooast to the design altitude (in thla ease, 100 wile»). 

Dynsade atabllity and controllability atudiea are being continued for • 
ulaslle outside the earth's atmoaphere, the controlling amenta arising fro» 
Jet rudders. 

SUB ItflTT* *Tff as äilb 3p««d» 

At high apeeda, the direction and quantity of heat flow fron a fluid 
to a solid boundary Is altered by the generation of frlotlonal heat la the 
boundary layer.   *lg.U)repre»»nt» the boundary layer temperatures that nay 
be expected at warloua Mach nuabers and altitudes. 

The akin taapersture of the edselle approaches asymptotically the wains 
at which the heat absorbed fro« the boundary layer equals the heat radiated 
to apace.   Aa eetlaatlon of the »kin tenperaturee ha» been asde by use of 
Cher's empirical formula for the heat transfer to a cone.   From fig. (j) the 
tins neeeaaary to ralae the akin temperature to 3/A (*boundary layer " 'Ambient* 
>ir) for warloua mach numbers, altitude, and skin thlokneaaes nay he computed. 
The ebart la drawn for ateol. 
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The rlM la the »pacific heat» of air with teaperature eaueea a large 
variation In tha factor V- 1 aa aay ba aaea fro« fig. (A), y repreaenta 
too ratio of tha apaolflo boat at eoaatant proaauro to tha apaolflo haat at 
•oaatant Tolnaa. 

Aa a reault, It la neeoaeary to raeoaaldar all tha atandard ralatlow 
1« tha light of a variable 8 .   It baa baan found thati 

(a) For keen nuabar variation» between aaro and unity, tha change la 
(y  - 1) «111 not ba greater than 1*. Therefore, If tha naaarioal 
value of 8 at atagnatlon taaparatura of tha air la uaed, tha 
atandard ralatlona «111 yield raaulta that have negligible error. 

(b) For Maeh nuabar» greater than 3, the ratio» of free atraea to 
atagnatlon valuea abould ba ooaputed fro» a aet of air tablaa. For 
exaaple, tha uaa of tha atandard ralatlona at a Maeh nuabar of 6 
leada to an error la the ratio of atatle to atagnatlon preaaura of 

(•) Tha atandard ralatlona aereee a noraal ahoek wave are alao In error 
by a large aaouat above a haeh nuabar of 3. Aa an exrnple, at a 
«eeh auabar of 6, the velocity doanatreaa of a noraal ahoek aa 
ooaputed by the atandard foraula la la error by 419. On fig. (5) 
a ehart la drawn fron which tha propartlea doaaatraaa of a noraal 
ahoek aay ba computed. The ehart take» lato aeeooat the variation 
la apaolflo beata of air with teaperature. 

For both oblique and noraal ahoek dlffuiera, effleleney require« that 
aubaoale dlffuaioa begin fron a Maeh auabar near unity. Loaaea due to 
vlaeoalty effect» In high apeed dlffuaara are known to be quite high. An 
aaalyala of the ekln friction loaaea In a diffuser dealgned to reduce the 
atraaa aaeb nuabar froa 0.9 to 0.2 indicate» that akin friction any be only 
a aaall part of tha loaaea raeultlng froa the vlicoeity of the fluid, tbla 
auggaata that aeparatlon aay be a large contributing factor, and that boundary 
layer oontrol aay be an offeotlve and praotleal device for lnoreaalng high 
■peed aubaoale dlffuaar efficiency. 

Sjmglflnlfl WJJKJ Inm«l 

The dealgn of the euperaoale wind tunnel baa been eoaplated, and a con- 
tract baa been let for the overall lnetallatlon. Fig. (6) ahowa a plan and 
aaotlon of the proposed tunnel. Dry air «111 ba atored In tha air bag and, 
upon actuation of the butterfly valve, will be drawn through tha teat »action 
lato the vaeuua ehaaber, vhloh eonalata of nine tank» and a aanifold ayataa. 
aaxlaua run» of approximately 15 eeeonde at Maeh nuabera between l.A and 5.0 
appear poaalble, with about 10 to 15 alnutee alnlaua »lapsed tlae between rune. 
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■xperlsents with plaster notzlee are continuing, end » lA esele modal 
kM, been out. Results Indicate the nseesslty for further experimentation 
to improve the method of Bold eoaatraetloa. The balaaea system datalla have 
toan started, and a aoek up «ill be eonstmeted la the near future. 

The vacuum tanks are ear surplus tank oars originally eonatrueted to 
withstand Internal pressure. An analysis of the buckling strength of a tank 
ander external pressure by the aethod of 3. Tlaoahenko, "theory of Elastic 
Stability", Indicated that the tank heads and doaea and the lever portion 
of tha cylindrical tank surface possessed adequate strength. The upper 
portion of the tank is of thinner netarlal and, if unstiffened, is eonsidsr- 
ably under strength. However, assualng the donee to aet as stiffens» and 
reduce the effective length of the curved cylindrical panels, the calculated 
critical buckling pressure is epproxlaetely IS p.s.l., whleh ie marginal, as 
the evacuated tank will be subjected to staospherie pressure. An additional 
tank was therefore procured for test purposes, and under partial evacuation, 
it failed at a pressure differential of U.4 P.s.l. Fig. (7) la a photo- 
graph of the buckled tank. The buckling pattern consists of one half wave 
longitudinally and six half waves elreusfersntlally, which is In accordance 
with the theory. In order to determine the aoat economical aethod of re- 
inforcement, a ssrlss of tests is planned on snail models of the tank under 
external pressure. In order to permit the use of reasonable model wall 
thicknesses, It wss dselded to utilise magnesium alloy, relating the dimen- 
sions end thickness of the model to those of the full socle tank so that 
failure of tha unreinforoed modal will take place at the earns value of • 
external pressure as tba full scale tank. 

■L 
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tit. (7) 

PHOTOGRAPH Of VACUUM TANK ATTER IAILUHE 
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i preliminary design study baa bean completed which indicates that a 
rocket configuration aa shown in fig. (8) may ba capable of the performance 
required for this project, although critical mechanical difficulties «111 
ba encountered in the actual design and much additional design information 
la needed for the ram jet diffuser section. This configuration consists of 
a liquid rocket haying a 200 lb. warhead and a ram Jet boost stage, the ram 
Jet being accelerated to Mach number 2 by means of a solid rocket. The 
liquid rocket, which uses a fuel hating a specific Impulse of 250 lb. sec./lb., 
•111 operate at partial thrust for command guidance during the first part of 
lta trajectory. Full thrust «111 ba used for homing, "oval features of the 
overall craft include« 

(a) The use of a single solid rocket for initial acceleration of the 
raa Jet. 

(b) Utilisation of the space between the outer surface of the liquid 
rocket and the Inner surface of the forward portion of the raa Jet 
aa the diffuser, with these surfaces ao profiled that relative 
displacement «111 vary the diffuser ratio. 

(e) in adjustable raa Jet burner noiala. 

Approximate weights and performance of this craft are tabulated below, 
«lth the trajectory of the liquid rocket divided Into two stages! 

■ex. 
Thrust Tlas 

HUM ftpMsllasa ...Lib.) lusl 
l Solid Rocket 189,500 4.4 
2 Baa Jet 30,000 23 
3 Liquid Rocket 3,750 120 
4 Liquid Rocket 15,000 6 

Initial luel        V.,, Has 
weight ■eight «It. 
t».) (lh.l    Ift/aaci tft) 

15,000 4,500       2200 4,400 
9,000 1,000       3250 67,000 
3,300 1,800       6000 500,000 
1,500 400          m^_» 

Design studies no« In progress Include a single stage, self-launched, liquid 
rocket, operating at full thrust up to approximately 60,000 feet «lth partial 
thrust above this elevation for command guidance and homing. & multi-stage 
liquid rocket design study la also underway «lth each unit operating continuously 
at full thrust during Its portion of the trajectory. 

•   

■ • 
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LIQUID FUEL 

LENGTH  1 LIQUID   FOIL   DOCKET- \X\5r 
OVEMLL   LENCIM~'U--6- 

SOLID FUEL 
HOCKET 

Fig. (e) 

CONIIGUhATION Ot DESIGN STUDY NO. 1 
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the Qeraen Z-4 guided Bleaile hat been returned to the Applied Phyilcs 
Laboratory, John» Hopkins UnlTeraity.   Other laboratories hare analysed all 
ooaponenta of thla nisalle «1th the exception of the burner.    In an effort 
to determine the type of conatruetion and principle of operation of the 
burner, several X-ray photograph» «ere taken.   Fig. (9) la a typical X-ray. 
Iron these photographs the aebematie drawing, fig.  (10) «a» prepared.   Thla 
shows that the burner consists of three concentric ahella assembled by welds, 
with the "Salbei" (nitric acid) entering the outer cheabar and flowing to the 
aft end of the burner «here it enter« the inner circulating ehanber and float 
forward, constrained to folio« a helical path for effective cooling, to the 
base of the burner, «here it cotibinea «1th the "tonka" (xylidlne-triethylaalne) 
In the burner ehanber. 

äeGJT 
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tit.  (9) 

X-RAY  PHOTOGRAPH 0» GEHHAN X-A ROCKET BURKER 

19 

:■%■'■ 

■ 



20 
SECRET 

UNIVERSITY Of   MICHIGAN 
Department of Engineering Reseerch 

»HAL   BAFFLE TOR INCREASED SALBEI   CIRCULATION 

Fig.   (10) 

SCHEMATIC DRAJING Of GERkAN ROCKET BURNER 
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the daalgn end development of nrljr warning and tracking equipment 1« 
not considered • part of this project.   However, tracking equipment will 
to Mqnlrad during toot phases of the projoet, and tho lotarralatlonahlp 
existing between aarljr warning, tracking, eoamand-guldanoe, and homing 
Justifies a study of early warning and tracking probleaa. 

Studies of proposed long range alsslle trajectories Indicate that ex- 
tremely high velocities or long atnospherle glide paths will to developed 
which anpear to place these targets outside the scope of this project, 
therefore, attention la being dlreoted primarily to targets with ranges 
of 7S0 «dies or less, and fig. (11) shows approximate trajectories of 
targets with ranges of 200, 500, and 750 Biles.   These trajectories are 
being studied to determine optima locations for target early warning and 
tracking aystawe and to determine the performance requlreirente of these 
equipment*.   Indications are that early warning equipment will need a 
range of the order of 300 miles. 

the possibility of using infra-red devices for early warning la being 
Investigated.   Atmospheric attenuation limits the range of ground-located 
devices, but this factor would to greatly reduoad if the equipment could 
to carried In an aircraft at an altitude of about ten milee.    Infra-red 
radiation from the sky background would probably remain troublesome, but 
by reducing the aperture of the device to 1/2 degree, It la believed that 
background effects could to sufficiently reduced to make possible a range 
of 100 miles even during daylight hours.    There are indications that it may 
to possible to develop Infra-red cells with the maximum response peak at 
longer wavelengths, which would reduce the background response and increase 
the sensitivity to radiation from the target.   The use of small apertures 
calls for extremely high scanning speed, but it Is believed possible to 
develop such optical scanners and thereby increase the range to about 300 
■lies,   Hanges were calculated assuming a T-2 type target at a temperature 
of 30OOC.- 

A report on tracking systems Is being prepared which covers existing 
tracking method» as well as tracking requirements for this project and 
possible methode of meeting these requirements,   fxeept during the final 
stages of Interception, the target and craft will to widely separated, 
requiring separate tracking equipment».   The craft tracking equipment will 
be required to track continuously from a minimum range of one or two miles 
to a maximum range of 150-200 miles, and tracking aids such aa a responds? 
beeeon may to mounted In the craft.   The target tracking equipment will 
to required to track continuously from a maximum range, perhaps as euch as 
250 mile» to a alnlirum range of approximately 100 miles, and the target will 
not possess tracking aide. 
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•e far attained at »hit« Saudi en T-2 rockets with 
ara of th» order of 100 all«*, which la not greatly laaa 

than the raqulrad eraft tracking range, and lt la antlolpatad that tha 
daalrad ranga oaa ba achieved without graat difficulty. However, tha 
daalgn of targat traoklng equipment, abara no raapondar baaeon ean ba 
need aad rangaa parhapa up to 290 allea ara raqulrad, «111 raqulra anoh 
additional work. 

Tha ganaral study of eraft-borna guldanoe aqulpaant haa continued 
and tha bloek dlagraa of flg. (12) rapraaanta ona of several poaalbla 
eeheaee of oparatlon. Thla bloek dlagraa utlllaaa tha ground illumination 
of targat homing prinolplo, thla method raqulrlng laaa development than 
othara. Briefly tha aqulpaant eonaiata ofi 

(a) 

(b) 

(e) 

1 command receiver oparating fron modulation on tha oraft 
traoklng beaa. Thla eonaiata of two channel« giving propor- 
tional dlraetlona to tha eraft for elevation and ailauth 
maneuvers, and a third ehannel which for tha flrat alaute 
of operation givaa roll lnatruotlona and thereafter instructions 
regarding warhead arming, raleaae of eraft frea or—nd guldanoe, 
and If necessary, aalf destruction. 

A beaeon which oparatae to lneraaaa the effective range of the 
eraft tracking radar. Thla baaeon la nodulated during the flrat 
minute of flight by a gyro-compass euch that tha roll angle of tha 
eraft In Ita Initial vertical flight ean be controlled by eon-anal 
fron the ground on a aervo ayatea baaia. After the firat alnnte 
of flight, tha taleaeterlng aapeet la transferred to reporting 
to the eoaaand atatlon tha lnatant the honing device locke on 
target. The baaeon alao Incorporate» an IFF feature, auch that 
if acre than ona eraft le in the air at one tine, they will not 
hona upon each other. 

A honing device, actuated by the reflection fron the target of tha 
target tracking radar bean. The oparatlon of thla honing device la 
eeaentlally the aaat aa that propoaad by Dr. R. M. Page of BU. la 
Buablebee Report Ho. 37. The major difference arlaee fron the fact 
that tha eraft doaa not carry ita own radar transmitter, but utiliiae 
that of a ground-baaed radar. The range infomation reeelvea froa 
aueh a ayatea la than nor« approximate than la euatoaary and varlaa 
«lth the relative poaltlona of target, eraft, target tracking radar, 
and ayehronliad eraft tracking radar. Thla device, utilliing eon» 
tlnuoua lobe eoapariaon, operates to Maintain Ita antenna ayetea 
on a Una of sight with the target. Through the Ineoporatloa of 
radio frequency bridges, and a unique method of eoapariaon of 
there result« a null ayatea for servo operation with an indication 
of operation when the antenna ayatea la properly oriented. 

'^gfe-  *._,..--' 
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U) A computer «hieh received lnformatlon during the homing period 
fro« tho angles sad rates of ehenge of englee between tbo eraft 
•M and tho antenna ayaten, tho eraft «no and a gyro«atabillsed 
platform, and tha aautral positions and instantaneous poaltloaa 
of tha control vanes. Using ttaia tnfonatloa and tha range and 
rat« of range change lnfor»»tion received froa tha homing unit 
and tha known paraaatora of tha eraft, tha computer ealoulataa 
ooatinuoualy tha eouraa to ha followed and conveys thla Inforaa- 
tloa to tha eraft'a oontrol». 

(•) a meehanloal memory and aena» system comprising gyrooeoploelly 
operated devisee and aeoaleroaatera to »apply Information of the 
positions and rate» of ehenge of position of tha eraft'a axes 
«lth reepeet to their Initial position. 

Design of the ooaaand reoeiver ha» been etarted, and '-he necessary 
■edification» td an SCR 584, for «nut ooaaand trenaaltter and mreft 
traeklng radar for Initial experimental purpoeee, are being determined, 
■eoauae of the extended maximum range and low effective MT rate of tha 
traeklng radar, tha Initial reeelTer dealgn will Ineoporate pulse-tlas 
modulation channel«. 

Beeanae of the Inadequacy for thle project of present development la 
homing apparatus, tha desirability of pursuing further development la ladt» 
«ated. thla should probably oorer the following four types of equlpaenti 

(a) raised microwave radar. 

(b) Cf mierowave radar. 

(a) Infra-red homing equipment. 

(4) Oround Illumination of tha target boning equipment. 

Theoretical work Involving the use of Infra-red radiation froa tha target 
aa a mean» of honing he» continued. It new appeara that the use of Infra-red 
far thla purpose, utilising existing developments In the «ay of sensitive de- 
visee end optical materials, Is marginal. Thla conclusion depends to a eon« 
alderable extent upon the present insxaetneee of knowledge of psrsmetere, 
notably the background noise level to he expected at advanced altitude« and 
the temperature range of possible targete. It la to he noted that In the 
homing psrlod, the target has had considerable cooling time over and above 
that existing at Initial detection by e possible early warning system, a 
short-time study to clarify this situation, insofar aa Is at present feasible, 
has been Inaugurated. 

Assessment of present pulsed microwave airborne radar and Its possible 
development lato homing units Is continuing. 

! 

■ark on the microwave test laboratory has continued. 
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Studies have ban initiated of possible Mthoda of Increasing the ratio 
of fool «eight to structural Might of dry foal roekat*.   Current fuel/struo- 
van «olght ratio* sppraclMte unity, although doalgiia now bolag prepared hy 
othor organlMtloM hay» ratio* a* high a* 2.   By th* a** of light alloy*, or 
alloy ataol* vhleh ar* oapabl* of Mlntalnlng high tonsil* strength at elevated 
tesperetures, it 1* hoped that th* fnel/strueture Might ratio My he lnsreaaed 
very substantially. 

A boo*t*r roeket prellainary design study «as ooapleted a* a portion of 
th* design «tody of a ram Jet - roeket combination (see fig. (8)).   This 
roeket 1* a single dry fu*l roeket 36 inehes In dl*Mt*r.   A ratio of fMl 
Might to structural «sight* of 2.9 1* eonsldered possible by the Me of an 
alloy steel, «Men exhibits good tonsil* strength at high temeratnre*. 

A study is being conducted, leading to a preliminary design of s   launching 
reap suitable for a nlssll* sinllsr to that ahem in fig. (8).   Th* lsunoher la 
designed to reeelMd the alsalle in a horlsontal position and rotate it to a 
vertical or Mar vertical position for firing, «1th th* entire lsunoher ad« 
jMtabl* In aslnuth.   Details of the elevation and train Mohanlam and th* 
power requirements of these MObanlsM ar* being worked out. 

further studies sr* In progress to decrease lsunoher also and «eight, 
to adapt ths design to a portable count, and to lnereaa* ess* of handling 
and speed of firing.   The goal la to MM all opsrstions from th* removal 
of th* missile fro* storage to It* aetusl firing as Marly autoMtio as 
poMlbl*. 

■■■■TBC-;. 
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Conputlag Mrk OB honlngwlth • alniaua fuel consumption hu MM 
earrlsd mt In order to obtain inf omatlon on the theoretical minimum fuel- 
to-eraft aalfht ratio that la raqnlred la the honing atage.   Fig. (13) la 
an example of ona of several type» of raaulta obtalaad.    In this dlagraa tha 
abaolaaa ß la tha angular arror at the beginning of honing, that la, tha 
angle between the Una of eight and the direction of tha eraft voloalty 
relative to tha target.   The ordlnate ■* gives the alnlana fnel-to-eraft 
•eight ratio required for the lntereeptlon.    (By «eight of eraft la neant 
the total weight of eraft at the beginning of honing with tha exclusion of 
«eight of fuel.)   tha particular curve shown is baaed on the assumption of 
an Initial eraft-to-target distance of 90,000 ft., and Initial relative 
velocity of 10,000 ft/sec, a specific impulse of 165 seoonda and aaxlaaa 
acceleration during honing of 300 g.   The honing tine which corresponds to 
the calculated nlnlaua fuel eonaunptlon increases «1th /3   fron 5 to 50 
seconds( It equals 50 seeonda along the broken line of the dlagraa.   For 
laatanoo, with an Initial angular error of 20° the theoretical fuel eon- 
auaptlon aquala the «eight of the eraft (i.e., >* * 1) and the corresponding 
honing tine la 6 seconds. 

Disgrace for various values of the paraaatera affecting I* are avail» 
ahla.   Calculations of eraft and target trajectories during the boning stag* 
and optimist honing tines have been eoapletad. 

the procedure followed la the foregoing analysis was based on tha 
rsplaceaent of the variable inclination of the thrust by a constant average. 
The exact analysis which takes into account tha possibility of a variable 
direction of thrust includes a probier: of calculus of variations whose 
solution la being obtained. 

Although the consisted work eonoarns aalnly tha type of honing la which 
Information of relative range and relative velocity aunt be available to tha 
honing device, work la la prograaa on types of honing in which a reduced 
aaount of lafomatlon la sufficient for the lntereeptlon.   These letter 
studies aay be of value for honing with infra-red guidance. 

Studies on the pre-honlag stage have been started and nethoda to deal 
«lth the dynamics of tha flight through tha lower regions of tha ataosphara 
are being worked out.   These nethods include pertubation aathoda, successive 
approzlnatlon nethods by asana of quadratures, and the use of the existing 
tabulated functions such aa Besssl functions, incomplete Oaaaa functions 
and Exponential Integral. 
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Betlaatee have teen wade of the perforaanee of rau Jit« at *e  
altitude and variable Haeh malar aa «all a* otar vertical flight path*. 
flg.CU) la a tgrpleal «at of ptrfaraane* curves for a raa Jat eparatlag 
at aa altitude of 40,000 faat.   Fig. Of) shoes a eoaparlaon between tka 
altitude/tla* relationships of to* following! 

(a) A raa Jat with a eoapletely variable diffuser. 

(b) A liquid roskat with ehareeterlatlo* ilallar to thoaa of tha 
T-8 roehat. 

(a)   A raa Jat - rocket eoablnatlon, which baa aaoh greater «tight 
than (a) above. 

A study of pnla* Jat perforaanee ualag an Idaal analysis of th* pule* 
J*t ajrola la naarlag eonpletlon.   Th* raaulta paralt calculation of relative) 
perforaanoe with changes of speed «nd foal/alr ratio.   Toat data ladloate 
relatively eloao approxlaatlon to oaloulatad raaulta. 

Th* «valuation of a turbo Jat power plant for high flight aaoh neater* 
baa teen Initiated, and 1* approxlaately 25* eoapleted. 

Apparatua baa teen designed for Investigating the faetera affecting 
the speed of flaae propagation In eonbuatlbla mixtures.   Thla apparatua, 
whleh 1« shown ■obaeatloally In fig, (16), la now ready for operation. 
Zt oonalita essentially of a blower and »urge ehaater for air supply with 
alalana pressure fluctuations, an air heater and hualdlflsr, a nixing 
obaater,   where the conditioned air is aixed with gas supplied frea a 
pressure tank through a reducing valve, a water oooled burner, and tha 
requisite apparatua for measuring pressures, teaperaturea, and rates of flow- 
of air and gaa.   A flash-back trap la provided to prevent daaage to th* 
instrumentation. 

Studies have been Initiated of equilibria te»p«r»V:res of raa Jat 
burners at high altitudes and velocities for the purpose of determining 
cooling requirements. 

A study of Oeraan literature on existing rocket fuels baa teen initiated, 
and a ebaalatry group baa teen foraed to aaalat la fuel studios.   Data have 
teen collected on the products of ooabustlon and ooaputatlons *re proceeding 
toward construction of enthalpy-entropy dlagraa for tha 3«1 fuel eoaslnation 
of red fualng nitric «eld and aniline. 
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■qulpnent «ad faollltlee are being aaaenbled for tba construction, 
evaluation, and operation of toleaeterlng equipment for flight expsrlasata- 
tion la eonaaetloB with aerodynes! ea, propulsion, and electronic systems. 
«o equipment la balag provided far external observations, as It Is assumed 
that equipment for radar traoklag and theodollta observations will ha avail- 
able at tba tasting slta or sites. 

the existence of a hydrogen concentration In the upper atmosphere vhloh 
night be aaad aa fnel has bean the basis for sons apaeulatlon. Fron a study 
of existing literature It Is concluded that although direct tenperature 
measurements and eaapllng of the atnoaphere are Halted to the present 12 
alia ceilings of sounding balloons, certain Inferences regarding oonposltion, 
tenperature and density of the atnoaphere above this level can be aada fron 
observations of tba aaeaaloua propagation of sound, speetrosoople aeaaure- 
aeata of osona, ataospherle tides, the Ionosphere, and the aurora. These 
observations indicate little free hydrogen (certainly laaa than 1% by vol- 
ume) at any level la the earth's ataosphere. 

A schlieren and shadowgraph systen has bean designed for the super- 
aonlo «lad tunnel, and all eoaponenta have been obtained or are on order. 
fig. (17) la an optical diagraa of the proposed systan. The two pyres 
glass parabolic mirror», which are 16 lnchea In dlaaeter are ground to 
within 1/LO of the wavelength of aodlun light. A flash unit la being 
built for the aereury lamp which will produce a flaah with a duration of 
about A microseconds, ao that sharp photographa any be obtained in spite 
of unsteady or oscillatory conditions In the air flow. 

Interferometer aethods of measuring wind tunnel densities were in- 
vestigated, and It was concluded that an lntarferoaeter ooaporable la alae 
to the test section of the supersonic wind tunnel would be prohibitively 
expensive. If an lntarferoaeter Is to, be used, a auch analler teat section 
«net be provided. An Investigation la being aada of other aethods of density 
aeaaureaent, Including the Introduction of snail quantities of gases other 
than air lato the circulating air of U 
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U) 
1. Trejeotory stadial «ad etabtllty aal controllability etudleo 

will be continued. 

2. Iaatallatlon of equlpnont for tat auaeraonlo win* tunnel «ill 
be atarted. 

(•> 

1. fteaalnlng detail» of the alngle »tage liquid roekat prellalaary 
deelgn atudy «111 be eoaploted. 

2. The prellainary dMlgn »tudy of a aultl-atage liquid roekat «ill 
be eoapleted. 

(•) 
1. the Quldenoo By»t»a» Planing Report «HI ba eoapletad. 

2. Iba »tudy and report on target and araft tracking «ill ba 
ooaplatad. 

i.   Tha atudy of early «aralng requirement« «111 eontlnu», 

4.   * thaoratleal atudy of the effeotlveneia of roeketa aa radar 
target* »111 ba Initiated. 

3. "orb «111 be atarted on an Investigation of tha overall paifww 
anoa of tha guldanea and control ayateaa. 

(€) 

1. Further etudlea «ill be aada of aathoda of Inereaalag tha ratio 
of dry roekat fuel «eight to atrueture «eight. 

2. Studiee of the electric launeher «ill ba oontlnuad. 

3. Power requlreaanta of launohlng reap operating aeebanlaaa «ill 
ba datandaad. 

4. Studie» «HI ba Initiated of autoaatlo handling and launehing 
ayateaa. 
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(•) 
1. A WHNDdn «111 be liiMd ahoalng th» results of 

boalng »todies with ainlrua fool eonsnaptlon. 

2. StndlM will bo continued of homing «athods without 
rang« lnforaatlon. 

3. Studies of th* pre-hoslng «tag* «111 be continued. 

i,   'he study of trajectories of long rang« rookat targata 
«1U be started. 

it) 

(«) 

1. * aaaoraadua «111 be leaved glTiag the reanlta of the ran 
Jet perforaaaee atodlee «1th constant fuel/air ratios. 

2. Stadlea «111 be oonpleted of re* Jet perforaaaoa «ltb 
«arlabla dlffnaar and fuel/air ratloa. 

3. turbo-jet perforaaaee etudlaa «111 be eoapleted. 

4. the flaae apead apparatus «111 be placed In operation, and 
studies «111 be Initiated of factor» affaetlng the »peed of 
flaw propagation. 

5. 8todies of ran Jet cooling requirements «111 be continued. 

1. The sohlleren apparatus for the supersonic «lad tnansl «111 
be assembled and tests «111 be Initiated. 

2. the taleaater laboratory «111 oontlaaa to be developed sad 
detailed plane for the flight testing of design ooaponenta 
«HI be »ubUtted. 
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The following reports have been laaued to datei 

OKR-1 Progress Report So. 1 (l April • 1 June 19*6) 

(HR-2 Progress Report Ho. 2 (1 June - 1 August 1946) 

™R-3 Progress Report lo. 3 (l August 1 Ootober 1946) 
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reviews were performed by the following Air Force organization: HQ AFMC/PAX. Therefore, the
following records are now fully releasable to the public. See attachment 1.

Technical Report number: ADB816663
Technical Report Title: Project "Wizard" Progress Report No. 1
Technical Report Date: June 1, 1946
Previous classification/distribution code: Unclassified

Technical Report number: ADB816741
Technical Report Title: Project "Wizard" Progress Report No. 5
Technical Report Date: 1 December 1946 - 1 February 1947
Previous classification/distribution code: Unclassified

Subsequent to WPAFB FOIA Control Number 2016-02428-F, AFMC-2016-0019, the following
record has been cleared for public release by HQ AFMC/PA on 4 April 2016. The review was performed
by the following Air Force organization: HQ AFMC/HO. Therefore, the following record is now fully
releasable to the public. See attachment 2.

Technical Report number: ADB817886
Technical Report Title: Project "Wizard" Progress Report No. 4
Technical Report Date: October 1 - December 1, 1946
Previous classification/distribution code: Unclassified

The following record is publicly available at the University of Michigan Library at the following link:
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/4989/bad5904.0001.001 •txt?sequence=4&IsAllo
wed=y.

Technical Report number: ADB804022
Technical Report Title: External Memorandum Report No. 7, A Simplified Method of
Calculating Ram-Jet Performance Applicable To High Mach Numbers
Technical Report Date: July 23, 1947
Previous classification/distribution code: Unclassified



Please let my point of contact know when the record is available to the public. Ms. Janet M. Caddell
is the point of contact for this request and she can be reached at (937) 904-0884, e-mail
Janet.Caddell@us.af.mil or the FOIA Office Main Line (937) 522-3095, e-mail wpafb.foia@us.af.mil.

Sincerely

Attachements:

1. AFMC/HO Memorandum, dated 11 June 2007
2. SAFPAOSP E-mail, dated 4 April 2016

RRIN BOOHER, Civ, DAF
Freedom of Information Act Manager
Base Information Management Section
Knowledge Operations




